Preliminary observations on a large series of atrioventricular defects suggested that there might be an unusually high incidence of congenital lesions in the heart and other systems in relatives of the propositi (Somerville, 1966) . In view of this, it was decided to undertake a more detailed study.
TERMINOLOGY
The term atrioventricular defect, introduced by Bedford et al. (1957) , has been used to include patients with ostium primum defect, common atrioventricular canal, and single atrium as previously described (Somerville, 1965) .
The term concordant has been used when both propositus and relative have the same type of atrial septal defect, but it does not exclude an additional congenital cardiac defect in either.
SUBJECTS AND METHOD
A total of 123 patients with atrioventricular defects attended either the National Heart Hospital or Middlesex Hospital between 1958 and 1965 , and the families of 92 of these were interviewed. The remaining 31 were excluded, as 10 could not be traced, 6 refused to help (the propositus in 4 of these had died), and 6 lived abroad. Three patients were adopted and no family details were available. Six patients with Down's syndrome were also excluded.
The 92 included 43 males (7 dead) and 49 females (9 dead), a sex ratio of 1:1 1. The ages of the propositi ranged from 2 to 70 years and the distribution is shown in Fig. 1 . Two patients were related but were treated as separate propositi as each had been independently referred. Diagnosis of the atrioventricular defect was confirmed by open heart surgery in 52 patients, cardiac catheterization and left ventricular angiography in 15, and necropsy in 5. In the remaining 20 an atrioventricular defect was diagnosed on the clinical evidence, together with the typical electrocardiographic findings of left axis deviation. Cardiac catheterization confirmed a left-to-right shunt at atrial level in all these patients. (Table  I) . Six of these patients had a secundum atrial septal defect. Non-cardiac malformations, which were diagnosed on clinical rather than on radiological grounds, were predominantly skeletal and present in 39 (42-4%) of the propositi (Table II) .
Malformations in First Degree Relatives. Congenital heart disease was diagnosed in 8 (1 8%) of the 433 first degree relatives, who were made up of 184 parents, 229 sibs, and 20 children. There were 156 living parents, 111 (71 2%) of whom were examined. Two of these had congenital heart disease: one a secundum atrial septal defect and the other congenital heart block (Table  III) . One other had a partial right bundle-branch block, but there was no evidence of a septal defect. Of the 28 dead parents, 4 had died from unknown causes, and in the remaining 24 there was nothing to suggest any form of congenital heart disease. Congenital cardiac lesions were therefore present in 2 (1 1%) of the 184 parents (Table IV) . Noncardiac malformations were found in 6 (3.3%) of the parents and included depressed sternum with dorsal scoliosis, pigeon chest, cleft palate with accessory teeth, congenital absence of lateral incisor teeth, bilateral renal pelves and ureters, and left accessory nipple.
There were 205 living sibs, 118 (57-6%) of whom were examined. A secundum atrial septal defect was found in 2 (Table III) . A partial right bundlebranch block was present in 5 others but again there was no evidence of a septal defect. There were 24 dead sibs. One had an atrioventricular defect complicated by a secundum atrial septal defect and another had transposition of the great arteries (Table III) . Five others were stillborn and no further information was available. There was nothing in the remaning 17 to suggest cgenital heart disease. In all, therefore, 4 (1 -7%) of the 229 sibs had congenital cardiac defects (Table IV) .
Non-cardiac malformations present in 10 (4.4%) of the sibs were mainly skeletal and included 4 cases of sternal depression and one case each of severe scoliosis, bilateral cervical ribs, cleft palate, 4 accessory teeth, congenital absence of lateral incisor teeth, and unilateral hydronephrosis.
The propositi had 20 children. One was stillborn and 16 (84 2%) of the 19 living were examined. Secundum atrial septal defects were present in 2 of the 1087 first cousins and in 6 more distant relatives (Table III) , but in this group no idea of the frequency could be obtained as there was no indication of the total number of relatives concerned. Congenital heart disease was suspected in at least 3 other second degree relatives and 2 first cousins, but they were excluded as there was insufficient evidence to confirm the diagnosis. Information relating to non-cardiac malformations was not considered sufficiently accurate to be included.
Consanguinity. There was no instance of parental consanguinity. The paternal grandparents of one male propositus were second cousins but there were no other cases of congenital heart disease in this family.
Twins. Six of the 92 propositi had a twin sib, which was significantly higher (p=0 05) than the expected 1 in 40. Information was available on 3 of the twins, none of whom had congenital heart disease. Further details were as follows. The male twins of 2 female propositi were dead: one was stillborn and no further information was available; the other, born prematurely, died aged 1 day, and there was nothing to suggest congenital heart disease though no necropsy was performed. Two male propositi had normal twin brothers, both pairs reputedly being dizygotic. The twin sister of a female propositus and the twin brother of a male propositus refused to be examined; once again, both pairs were said to be dizygotic though we have no proof.
Stillbirths. Three of the 150 sibs born from 1930 onwards were stillborn which was close to the expected figure of 3-9%.
Miscarriages. Information was obtained from the mothers of 65 propositi; 145 pregnancies were reported, 17 (11 7%) of which had ended in miscarriage, a figure well within the accepted range of 6-8 to 21 per cent quoted by Logan (1959 Season of Birth. Births in the general population occur most often in the second quarter of the year, followed, in descending order of frequency by the first, third, and fourth quarters. The quarterly distribution of births of 64 propositi born after 1939 was first quarter 15, second quarter 20, third quarter 18, and fourth quarter 11. As expected, the highest and lowest incidences occurred in the second and fourth quarters, respectively. Although, contrary to expectation, slightly more propositi were born in the third than in the first quarter, there was no indication of a significant quarterly variation.
Pregnancy Events. Information was obtained from 77 families. During the first trimester of pregnancy 6 mothers had a threatened miscarriage and one suffered pelvic trauma following an accident. There was no history ofrubella or any other maternal infection apart from 2 cases of mild pyelonephritis.
DISCUSSION
In atrioventricular defects, as in other forms of isolated congenital heart disease so far studied, no single mode of inheritance was evident. There was, however, a high familial incidence of congenital heart disease as 18 (19 6%) of the 92 propositi had one or more affected relatives (Fig. 2) . Congenital cardiac defects were found more frequently than the expected 0-6 per cent in parents (11%), sibs (1 -7%), children (10%), uncles and aunts (0-7%), and nephews and nieces (2-2%). As these figures are related to the total number in each group and not to the numbers examined, it is quite possible that the percentages might have been higher if all relations in each group had been examined. The pattern of inheritance in atrioventricular defect was therefore similar to that in secundum atrial septal defect (Campbell and Polani, 1961b; Nora et al., 1967) but dissimilar to other forms of congenital heart disease where only the sibs of the propositi were at increased risk (Campbell, 1965) .
There were 26 cases of congenital heart disease among the relatives of the index cases (Table III) . The cardiac defect was similar (concordant) to that of the propositus in only 4 (Pedigree 3, 36, and 51 see Appendix) and was dissimilar (discordant) in 22, but this included 6 cases of secundum atrial septal defect. There appears, therefore, to be an association between atrioventricular defect and secundum atrial septal defect which is again suggested by the coexistence of the two lesions in 6 (10.5%) of the 57 propositi in whom the septum was examined either at open heart surgery or at necropsy. This association is not surprising in view of the interdependence of the septum primum and septum secundum in the development of the final atrial septum (Somerville, 1966) .
In their study of secundum atrial septal defect Nora et al. (1967) found a familial incidence of 32 per cent which is much higher than our figure of 19-6 per cent for atrioventricular defects. Similarly, there was a much higher incidence of concordant lesions amongst first degree relatives, 15 out of 17 cases, compared with one out of 8 in atrioventricular defects; these findings suggest that genetic factors are more important in secundum atrial septal defects than in atrioventricular defects. Further support for this concept comes from the high consanguinity index in secundum atrial septal defect (Campbell, 1965) compared to the absence of parental consanguinity in atrioventricular defects.
The high frequency of twin births among the propositi was unexpected and remained unexplained. This association has not been noted in other forms of congenital heart disease.
Maternal age, birth order, and season of birth did not appear to have any significance in atrioventricular defects, and nothing suggested that rubella or any other maternal infection during pregnancy played a part. There was nothing to indicate that factors causing stillbirth or miscarriage were relevant, as the number of pregnancies ending in foetal death or stillbirth was no higher than normal. In the propositi there was a high incidence (42.4%) of associated congenital abnormalities which were mainly skeletal, but in the relatives, data on abnormalities outside the cardiovascular system were inadequate for analysis.
SUMMARY
The families of 92 cases of atrioventricular defect were studied and the first degree relatives examined whenever possible.
Eighteen (19X6%) of the 92 propositi had one or more relatives with congenital heart disease; only 3 of these, however, had relatives (4 cases) with concordant lesions.
Sixteen (17X4%) of the propositi had additional cardiac malformations, 6 of which were secundum atrial septal defects.
Thirty-nine (42-4%) of the propositi had noncardiac malformations which were mainly skeletal.
In the first degree relatives, 2 (1 1%) of the 184 parents, 4 (1-7%) of the 229 sibs, and 2 (10 0%) of the 20 children had congenital heart disease. In only 1 of the 8 cases was the lesion concordant. There were, however, 5 cases of secundum atrial septal defect.
In the second degree relatives, 4 (0-7%) of the 606 uncles and aunts and 4 (2.2%) of the 181 nephews and nieces had congenital heart disease. None of the 368 grandparents or 5 grandchildren was thought to be affected. Three of the 8 lesions were concordant and there was no case of secundum atrial septal defect in the remaining 5.
In the 1087 first cousins, 4 (0-4%) had congenital heart disease. None had an atrioventricular defect or secundum atrial septal defect.
In the more distant relatives, there were 6 cases of congenital heart disease. The lesions, which included one secundum atrial septal defect, were discordant.
There was no instance of consanguinity between parents of the propositi. The paternal grandparents of qne propositus were second cousins.
Six of the 92 propositi had a twin sib, which is higher than the expected one in 40. 
